Background: There is growing concern about the health impact of heavy alcohol use in people infected with human immunodeficiency virus (HIV+). Mixed findings of past studies regarding the cognitive impact of alcohol use in HIV+ adults have been mixed, with inconsistent evidence that alcohol consumption exacerbates HIV-associated brain dysfunction. This study examined contributions of current heavy drinking, lifetime alcohol use disorder (AUD), and age to cognitive deficits in HIV+ adults, and relative to other HIV-associated clinical factors.
H UMAN IMMUNODEFICIENCY VIRUS (HIV)
adversely affects cognitive and brain function in many infected adults. These negative effects occur despite marked reductions in mortality and morbidity, including HIVassociated dementia, since the advent of combination antiretroviral therapies (cARTs; Cohen et al., 2001; Sacktor et al., 2002) . Behavioral and psychosocial problems such as substance use remain common among HIV+ adults and may exacerbate brain and cognitive effects. Over the past decade, there has been a growing awareness that alcohol consumption may adversely affect health, cognitive, and functional outcomes in HIV+ adults (Conigliaro et al., 2004; Hanna et al., 2013; Jacob et al., 2013; Justice et al., 2010; Korthuis et al., 2012; Monnig et al., 2016) . Evidence supporting an interactive effect of alcohol and HIV on brain and cognitive function is supported by animal studies involving rodents (Griffin et al., 2004 (Griffin et al., , 2007 Jaeger and Nath, 2012; Loftis et al., 2016; Persidsky et al., 2001; Potula et al., 2006; Walker and Koob, 2008) and monkeys (Bladowska et al., 2013; Kumar et al., 2005; Marcondes et al., 2008) .
Several potential mechanisms have been proposed by which alcohol may influence brain and cognitive function. Alcohol consumption is associated with gut microbial translocation, and alterations in the "gut-liver-brain" axis may play a role (Vyboh et al., 2015; Wang et al., 2010) . It is possible that harmful alcohol use contributes to organ and tissue injury, which has a systemic effect and contributes to neurocognitive dysfunction (Marquine et al., 2016) . Neuroimaging studies suggest that alcohol use disorder (AUD) co-occurring with HIV may exacerbate certain structural brain abnormalities which can affect cognitive functioning (Bladowska et al., 2013; Cardenas et al., 2005; Chang et al., 2004; Durazzo et al., 2007; Gullett et al., 2018; Lewis-De Los Angeles et al., 2017; Meyerhoff et al., 1995; Nelson et al., 2005; Pfefferbaum et al., 2002 Pfefferbaum et al., , 2005 Pfefferbaum et al., , 2007 Rosenbloom et al., 2010; Sullivan et al., 2011) .
While past studies of the cognitive impact of alcohol use in HIV+ adults provide some evidence that alcohol exacerbates HIV-associated brain dysfunction, findings have been mixed, making it difficult to reach definitive conclusions. Relatively few studies have systematically examined the neurocognitive effects of alcohol in HIV+ adults treated with cART. Differences in findings across studies likely related to whether heavy drinking occurred in the past or present, and also whether clinical factors that could affect cognition (e.g., age, HIV clinical status, and other drug use) were accounted for. Early studies tended to examine alcohol use effects in HIV+ adults in the broader context of substance use, making interpretation of the specific contributions of alcohol difficult (Concha et al., 1992; Hinkin et al., 2004; Justice et al., 2004) . Conclusions vary depending on how alcohol was classified: any versus no use, current mild-moderate drinking versus heavy drinking, or whether there was a history of AUD, binge drinking, or other alcohol use (Monnig et al., 2016) .
Past studies have also varied with respect to which cognitive domains were examined and how they were assessed. For example, Green and colleagues (2004) found that HIV+ participants with a history of past AUD had verbal IQ, verbal reasoning, and reaction time deficits suggesting additive and interactive effects of AUD and HIV on cognition. Other studies found AUD history to be associated with higher rates of HIV-associated neurocognitive deficits (Becker et al., 2004) , but with effects ranging from a single cognitive domain such as semantic memory (Fama et al., 2011) to global cognitive function (Gongvatana et al., 2014) . The cognitive effects of alcohol use among HIV+ adults may also be exacerbated by advanced age (Downer et al., 2015; Durazzo et al., 2013a,b; Gongvatana et al., 2014; Houston et al., 2014; Kist et al., 2014) . We previously found an interaction between lifetime AUD and age in a study of otherwise healthy adults without HIV , in which adverse effects associated with both current and lifetime alcohol consumption were observed in the older adults. However, it is not clear whether adverse neurocognitive effects stem from the cumulative effects of chronic heavy alcohol consumption or current consumption in the HIV+ population.
This study was conducted to clarify the cognitive effects of chronic heavy alcohol consumption versus current consumption among HIV+ persons. We sought to determine (i) the relative contributions of current heavy drinking (high vs. moderate-low), lifetime AUD, and age, to deficits in cognitive performance among HIV+ adults, (ii) whether these associations remain when examined relative to clinical measures including current HIV status, prior history of HIV, and prior cocaine and opiate use, and (iii) the relationship between binge drinking and cognition. We hypothesized that cognitive deficits would exist among HIV+ adults who currently drink heavily and among those with lifetime AUD, with greatest deficits among those with both. We also hypothesized that these alcohol effects would be exacerbated in older HIV+ adults, who were hypothesized to have greater cognitive deficits even after age adjustment of neuropsychological measures. We hypothesized that current heavy drinkers and individuals with a history of lifetime AUD would continue to demonstrate deficits above and beyond groups without alcohol use histories, particularly in domains most affected by alcohol such as learning and memory. Last, we hypothesized that binge drinkers would have greater cognitive deficits relative to nonbinge drinkers.
MATERIALS AND METHODS

Participants
Participants (N = 104) were studied as part of a National Institute on Alcohol Abuse and Alcoholism (NIAAA)-sponsored project designed to examine the contribution of heavy alcohol use to neurocognitive and brain dysfunction in HIV+ adults. The sample consisted of HIV-infected adults recruited from the Brown University Center for AIDS Research, and HIV infection was confirmed by enzymelinked immunosorbent assay and Western blot, and the level of detectable plasma HIV RNA utilized was <75 copies ml. Sample demographics are provided in Table 1 .
Participants were excluded for a history of: (i) head injury with loss of consciousness >10 minutes; (ii) severe anxiety, depression, or neurological disorders, including dementia, seizure disorder, stroke, and opportunistic brain infection; (iii) severe psychiatric illness that might impact brain function (e.g., schizophrenia and bipolar illness); and (iv) current (past 6 months) substance dependence or positive urine toxicology screen for cocaine, opiates, or illicit stimulants or sedatives. Inclusion/exclusion criteria were assessed using structured clinical interview by the study physician and selfreported history. The study was approved by the institutional review boards, and informed consent was obtained before enrollment.
Alcohol Consumption
Participants were recruited with the goal of obtaining relatively equal samples of nondrinkers, moderate drinkers, and heavy alcohol users (ethanol [EtOH]-none, EtOH-moderate, EtOH-heavy) based on NIAAA criteria (http://rethinkingdrinking.niaaa.nih.gov.asp) derived from Timeline Followback (TLFB; Fals-Stewart et al., 2000) and by clinical assessment. The TLFB involves a selfreport of drinking over the past 90 days and was used to calculate the average number of drinks per week over the past 3 months. The EtOH-heavy group consisted of people who reported drinking 5 or more drinks in a single day for men (or average more than 14 per week) and 4 or more in a single day (or average more than 7 in a week) for women. The EtOH-moderate group consisted of people who reported consuming less than EtOH-heavy quantities, while EtOH-none reported never drinking. About 31.8% (n = 21, 8 women) were heavy alcohol consumers compared to 68.2% (n = 45, 27 women) who were not. There were no significant differences by EtOH level or age between EtOH-none (n = 11) and EtOH-moderate (n = 34) participants on any cognitive domain examined, F(1, 45) = 1.4, p > 0.05. Given the study hypotheses of adverse neurocognitive effects among heavy drinkers and also the lack of differences from these preliminary analyses, the EtOH-none and EtOH-mild/moderate groups were pooled into a single group of HIV+ adults who reported currently drinking below the NIAAA threshold for "at-risk" consumption (EtOH-low).
Drug and Alcohol Use Disorder
No participants were currently using cocaine or opiates based on self-report and urinalysis, and none met criteria for current cocaine or opiate use disorders based on the KreekMcHugh-Schluger-Kellogg scale (KMSK; Kellogg et al., 2003) . The KMSK quantifies self-reported exposure to opiates, cocaine, alcohol, and/or tobacco. Each section of the KMSK assesses the frequency, amount, and duration of use during the person's period of highest consumption. The KMSK scale was also used to assess lifetime history of AUD, confirmed with data from the medical history and clinical interview. To receive a diagnosis of AUD, a cutoff score of 11 was used, which provides 90% sensitivity and 90% specificity for the diagnosis of AUD with the SCID-I (Kellogg et al., 2003) . Six participants were excluded from this analysis because of incomplete KMSK scores. There was no statistical difference between any of the mean cognitive performance scores for the excluded participants when compared to those who were retained.
Neurocognitive Assessment
All participants completed a battery of standardized neuropsychological tests widely used by our group and others to assess the following cognitive domains: speed of information processing, attention-executive functioning, learning, recall memory, verbal fluency, and psychomotor speed. The battery was comprised of the following tests chosen for their sensitivity to HIV-associated neurocognitive deficit: Hopkins Verbal Learning Test-Revised (HVLT-R; verbal learning and memory; Benedict, 1997; Brandt and Benedict, 2005) ; Brief Visuospatial Memory Test-Revised (BVMT-R; visuospatial learning memory; Benedict, 1997; Patel et al., 2014) ; Controlled Oral Word Association Test (COWAT-FAS; verbal fluency; Benton and Hamsher, 1989; Patel et al., 2014) ; semantic fluency (animals); Stroop Color and Word Test (attention-executive function; Golden, 1978; Patel et al., 2014) ; Trails Making Test, Parts A and B (executive function; Reitan, 1992; Patel et al., 2014) ; Letter-Number Sequencing (working memory) from the Wechsler Adult Intelligence Scale-Third Edition (WAIS-III; Wechsler, 1997) ; Grooved Pegboard Test fine motor speed; Klove, 1963) ; and the Digit Symbol Coding and Symbol Search (speed of processing measures) tests from the WAIS-III.
T-scores are defined as a standard score derived from the normative comparison group such that the participants' Tscore is the deviation from the mean, where the mean is equal to 50 and the standard deviation is 15. T-scores from delayed recall on the HVLT-R and BVMT-R were averaged to calculate the delayed recall domain. Learning trial performance (T-scores) on these 2 tasks was averaged to create the learning domain. COWAT and semantic fluency T-scores were averaged for the verbal fluency domain. Stroop, LetterNumber Sequencing, and Trails A and B T-scores were averaged to compute the attention/working memory/executive functioning domain. Digit Symbol Coding and Symbol Search T-scores were averaged to calculate the Speed of Processing domain. The Grooved Pegboard Test T-score was used for the psychomotor speed domain. Test scores were adjusted using established norms for age, education, gender, and race (Heaton et al., 2004) . A global cognitive index (GCI) was calculated by averaging domain composite Tscores.
Statistical Analyses
All analyses were conducted using SPSS-24 software (IBM, Armonk, NY). Demographic and clinical characteristics of the overall sample were determined, and differences between EtOH-low and EtOH-heavy were examined by independent t-tests. Cross-tabulation and chi-square procedures were used to determine whether the proportion of men and women and racial groups differed as a function of EtOH group. Subsequent analyses employed general linear modeling for both between-group comparisons and hierarchical regression analysis of clinical factors most strongly associated with neurocognitive performance and deficits. Alcohol use was examined in 2 different ways: (i) current alcohol use based on clinical interview and TLFB; and (ii) AUD history based on the KMSK indices using the validated cut point of 11. For between-group comparisons, age was stratified (young: age <50 years; old: age ≥ 50 years). As age was corrected for using T-scores based on standardized normative data for the neurocognitive-dependent measures, age was included in the models to specifically assess for abnormal change in the normal age-related neurocognitive function. Thus, the presence of an age effect denotes exacerbation of normal age-related performance. Differences in neurocognitive performance were examined as a function age and alcohol grouping using general linear modeling.
Initial analyses were performed with standardized composite domain T-scores as the dependent measures, with current alcohol use (EtOH-heavy vs. EtOH-low) and age group (young vs. old) treated as independent between-group factors in a 2 9 2 multivariate analysis of variance (MANOVA). Another MANOVA was conducted comparing age group by AUD group (lifetime AUD vs. no-AUD). A final 2 9 2 MANOVA was performed to compare cognitive performance as a function of current EtOH use and lifetime AUD treated as the independent factor. For each MANOVA, omnibus effects for overall cognitive functioning were tested based on all composite domain scores. Interactions were examined using tests of simple effects. Planned univariate comparisons were then conducted with each cognitive domain T-score serving as dependent variables for each of the above described 2 9 2 between-group comparisons. Hierarchical stepwise regression analyses were then conducted to determine the relative contribution of current alcohol use versus lifetime AUD to neurocognitive performance. Separate analyses were conducted using Global Cognitive T-score and each of the cognitive domain Tscores as the dependent measure. For these analyses, KMSK component indices of lifetime alcohol use history (quantity, frequency, and duration) and current EtOH grouping was entered, along with age (treated as a continuous variable), sex, racial group, and HIV clinical variables (current CD4, nadir CD4, time since HIV diagnosis, hepatitis C virus (HCV) status, and cART use). Given previous literature suggesting the use of an index score representing several critical clinically related factors, we repeated these analyses replacing the respective clinical and demographic factors with the Veterans Aging Cohort Study (VACS) index score (Tate et al., 2013) . In a final set of analyses, KMSK total scores for past alcohol, opiate, and cocaine use were entered into a model to determine whether lifetime AUD and age were associated with neurocognitive performance after accounting for past cocaine and opiate use.
RESULTS
Clinical and Demographic Characteristics
Age, years of education, sex, and racial composition were not significantly different between the EtOH-heavy and EtOH-low groups (p > 0.05). Current alcohol use varied as a function of lifetime AUD history (v 2 = 12.6, df = 1, p < 0.01), and age was not significantly different between lifetime AUD groups (p > 0.05). Clinical and demographic characteristics of the sample are grouped by current alcohol use and provided in Table 1 . T-scores have a mean of 50 and a standard deviation of 10, such that higher scores indicate better performance. T-scores for overall cognitive function and by cognitive domain; EtOH-heavy and EtOH-low group performances were identical to AUD and No-AUD groups and are not displayed for simplification; means (standard deviation). 
Neurocognitive Performance
Overall performance was within the normal range when all domains were averaged for the full sample, as indicated by the global cognitive index (Global T = 48.7 AE 9.1). However, performance in domains of learning and memory for the entire HIV sample was approximately 1 standard deviation below the normative mean (Learning T-score = 39.8 AE 13.4; Memory T-score = 40.1 AE 13.9). When examining the AUD group separately, performance on learning and memory domains fell at the borderline impaired and low average normative range (Learning T-score = 35.8 AE 1.9; Memory T-score = 37.1 AE 1.9).
Current Alcohol Use
A between-group difference in overall neurocognitive performance was observed between the EtOH-heavy and EtOH-low for the main effect of current alcohol use on the MANOVA, F(6, 91) = 2.29, p < 0.05. There was no difference in overall performance between age groups or for the EtOH by age-group interaction (p > 0.05). Univariate comparisons indicated significant differences in performance between EtOH-heavy and EtOH-low for domains of attention-executive functioning, F(1, 96) = 4.46, p < 0.05, and learning, F(1, 96) = 4.38, p < 0.05. Groups did not differ with respect to memory, processing speed, motor, or verbal functioning (p > 0.05). Means and standard deviations for each domain for the entire HIV sample and for the 2 groups (EtOH-heavy vs. EtOH-low) are displayed in Table 2 and Fig. 1 ).
Lifetime AUD
The MANOVA examining between-group effects for lifetime AUD and age on overall cognitive performance (GCI) indicated a significant main effect for lifetime AUD, F (1, 90) = 2.66, p < 0.05, and an interaction between lifetime AUD and age that approached statistical significance, F (1, 90) = 2.04, p = 0.06. Participants with lifetime AUD had weaker performance than those without lifetime AUD (Table 3) .
Planned univariate comparisons indicated that the AUD group had performance deficits in 4 cognitive domains compared to the no-AUD group (Speed of Processing: p < 0.01; Attention-Executive: p < 0.001; Learning: p < 0.01; Memory: p < 0.01). The main effect of age was also significant for 3 domains (Speed of Processing: p < 0.05; Attention-Executive: p < 0.05; Memory: p < 0.05). Older HIV+ adults had deficits compared to younger HIV+ adults in these domains. Tests of simple effects indicated that older participants (regardless of AUD group) and young participants with AUD were weaker in these 2 domains compared to younger participants without AUD. In other words, AUD and older age were each associated with weaker performance, but their combined effect did not translate into further performance deficits. However, being younger and not having an AUD history were associated with stronger cognitive performance. Accordingly, results of these analyses indicate that AUD and age independently affect cognitive function in HIV+ adults, but that their combined effect may not be much greater than their individual effects.
Lifetime and Current Alcohol Use
Chi-square analysis indicated an equal distribution of participants grouped on the basis of both current EtOH use and lifetime AUD (x 2 > 0.05), and these variables had limited collinearity (r 2 = 0.078). Comparisons of these groups performed via a 2 9 2 between-group MANOVA revealed a main effect for lifetime AUD and overall cognitive performance, F(6, 91) = 2.4, p < 0.05, and for the interaction of current EtOH use by lifetime AUD with overall performance, F(6, 91) = 2.0, p < 0.05. The main effect for lifetime AUD indicated weaker overall cognitive performance among heavy drinkers. Tests of simple effects of the interaction indicated that individuals who were currently heavy drinkers and also had a lifetime history of AUD had weaker GCI, global cognitive index (overall cognitive performance); EtOH-heavy, current heavy alcohol use according to the Timeline Followback; EtOH-low, no current heavy alcohol use according to the Timeline Followback; AUD, lifetime alcohol use disorder according to Kreek-McHugh-Schluger-Kellogg alcohol sum score.
*Significantly worse performance for the EtOH-heavy + AUD group compared to EtOH-low + No-AUD (p < 0.05). **Significantly worse performance for age >50 years compared to age <50 years group (p < 0.05).
T-scores have a mean of 50 and a standard deviation of 10, such that higher scores indicate better performance. T-scores are for overall cognitive performance and by cognitive domain. Means (standard deviation).
overall performance than the other group combinations (p < 0.05). Planned univariate comparisons for the main effect of lifetime alcohol use severity (EtOH-low, EtOHmoderate, EtOH-heavy) indicated significant between-group differences in the cognitive domains of Speed of Processing (p < 0.01), Attention-Executive functioning (p < 0.05), Learning (p < 0.05), and Memory (p < 0.05), but not for other domains.
The MANOVA conducted to examine the interaction of current heavy alcohol use and lifetime AUD indicated only a main effect for lifetime AUD, F(6, 89) = 2.9, p < 0.05. AUD was associated with weaker overall cognitive performance. Planned univariate analyses revealed results that were consistent with the results described above which used the KMSK lifetime heaviest alcohol use measure to group the participants. HIV+ adults with a history of AUD had weaker performance in the same 4 cognitive domains.
Hierarchical stepwise regression analyses conducted to examine the relationships of current alcohol consumption and lifetime AUD (quantity, frequency, and duration) to neurocognitive performance indicated significant associations with overall cognitive function and also with performance in specific domains. In each case, factors associated with lifetime AUD were retained along with age as significantly associated with cognitive function. Lifetime AUD (b = À0.23) and age (b = À0.24) were both negatively associated with overall performance as measured by the Global Cognitive Composite Index (R = 0.32, p < 0.05). People who had previously consumed greater daily quantities of alcohol and who were older tended to have weaker performance. Notably, current heavy use was not retained as a significant factor in the regression analysis.
Lifetime AUD was associated with performance across most individual cognitive domains as well. Quantity of alcohol consumed and age were negatively associated with performance in the Speed of Processing (R = 0.32, p < 0.05) and the Attention-Executive (R = 0.35, p < 0.05) domains. With respect to learning and memory, quantity of alcohol consumed (b = À0.23) and age (b = À0.24) were negatively associated with Learning (R = 0.32, p < 0.05). However, performance in the Memory domain was only associated with age (R = 0.26, p < 0.05). For these 4 cognitive domains, current heavy alcohol use was not retained as a significant factor in the regression analysis. Neither age nor current or lifetime AUD indices were significantly associated with performance in the Verbal or Motor domains (p > 0.05).
HIV Status and Alcohol Use
Overall cognitive functioning on the Global Cognitive Composite Index was significantly associated (R = 0.34, p < 0.05) with age (b = À0.25) and duration of heaviest past alcohol use (b = À0.26), but not quantity of alcohol consumed during this period or other clinical factors related to HIV. People with a longer duration of lifetime heavy alcohol use and older age had weaker overall cognitive performance. Quantity of alcohol consumed and age were negatively associated with Speed of Processing (R = 0.34, p < 0.05) and performance in the Attention-Executive domain (R = 0.31, p < 0.05). Duration of lifetime heavy alcohol use (b = À0.25), along with HCV status (b = À0.29) and current CD4 level (b = À0.21) were retained as factors significantly associated with Learning (R = 0.38, p < 0.05). Duration of lifetime heavy alcohol use (b = À0.26) and age (b = À0.30) were negatively associated with Memory performance (R = 0.37, p < 0.05). For both Learning and Memory, a longer duration of alcohol use corresponded with weaker performance. Lower current CD4 and a history of HCV co-infection were also associated with weaker learning performance, while older age was also associated with weaker memory performance. Again current heavy alcohol use was not retained as a significant factor in the regression analysis.
Notably, the inclusion of the HIV clinical variables in the analysis resulted in a significant association of these clinical variables with performance in the Verbal domain (R = 0.45, p < 0.05). Specifically, current CD4 was the factor most strongly associated with verbal performance (b = À0.47), though detectable HIV RNA viral load (b = À0.25), and the lifetime quantity of alcohol consumed (b = À0.22) was also retained in the model as factors associated with weaker verbal performance. None of the HIV or alcohol use factors were significantly associated with Motor performance, nor was current heavy alcohol use retained as a significant factor in any of these regression models.
Restricted VACS Index, Alcohol Use, and Cognitive Performance
There was no significant bivariate relationship between the restricted VACS index (calculated with age, CD4, HIV RNA) (Tate et al., 2013) and any of the substance use variables or performance variables (p > 0.05). Backward linear regressions performed with each cognitive performance domain as the dependent variable were repeated with the restricted VACS index as an independent factor in place of its constituent parts, as performed in other analyses herein. Results indicate that independent variables associated with the dependent cognitive performance were identical to that of the analyses described in Table 4 , suggesting the restricted VACS index did not provide additional utility over the use of its individual components.
Binge Drinking
To examine the effects of binge drinking, a MANOVA was conducted comparing participants who reported binge drinking greater than 1 time per week with those who did not. A significant between-group difference in overall cognitive performance was found, F(6, 74) = 2.8, p < 0.05. Univariate comparisons indicated between-group differences (p < 0.05) in Attention-Executive, F(6, 74) = 3.1, p < 0.05, and Motor, F(6, 74) = 9.7, p < 0.05, performance as a function of drinking status. Binge drinking was associated with weaker performance for both domains.
Alcohol and Other Drug Use
In the final set of analyses, the KMSK indices obtained to assess lifetime cocaine and opiate use were examined relative to the alcohol and HIV measures. Heavy lifetime cocaine and/or cocaine use was significantly associated with performance in the Learning (R = 0.45, p < 0.05), Memory (R = 0.51, p < 0.05), and Verbal (R = 0.44, p < 0.05) domains. The regression model indicated that for Learning, opiate use severity (b = À0.24) was retained as a significant factor, along with age (b = À0.26) and duration of heaviest lifetime alcohol use (b = À0.28). For Memory, opiate use severity (b = À0.20) was retained as a significant factor, along with age (b = À0.29), duration of heaviest lifetime alcohol use (b = À0.29), and viral load (b = À0.21). For Verbal, lifetime cocaine use severity (b = À0.24) along with current CD4 and viral load (b = À0.40) was retained as significant factors. Motor functioning was not significantly associated with lifetime alcohol, cocaine, or opiate use.
DISCUSSION
Results detail the relationships between heavy alcohol consumption, age, and cognitive functioning in context of HIV infection. HIV+ adults who were currently heavy drinkers had poorer performance than HIV+ adults who were not or had never been heavy drinkers. Older HIV+ adults exhibited weaker cognitive performance than younger HIV+ adults, even after accounting for age in the standardized T-scores that were treated as dependent measures. Findings indicate that both heavy alcohol use and aging are risk factors associated with cognitive deficits in this cohort. Interactions between age and alcohol use groupings were not observed suggesting that these 2 factors may exert independent influences on cognitive function in the context of HIV.
Study findings indicate that cognitive deficits were evident as a function of both current heavy alcohol use and lifetime AUD, yet lifetime heavy AUD was consistently and more strongly associated with poorer cognitive performance. In fact, in most analyses, lifetime heavy alcohol consumption was retained as a significant factor, whereas current heavy consumption was not. This suggests that while differences in cognitive performance occur based on current heavy alcohol use, history of heavy drinking cannot be ignored. This finding suggests that some adverse effects of past heavy consumption may persist and manifest as cognitive deficits in HIV+ adults who no longer consume large amounts of alcohol.
Our work and that of others have shown a number of cognitive domains to be affected by HIV and also in AUD (Cohen et al., 2001; Heaton et al., 2010; Patel et al., 2014; Sacktor et al., 2002; Seider et al., 2014) , and we previously observed an interaction of age by current heavy alcohol use in a sample of adults who were not HIV-infected . The present study expands upon this work to indicate that current heavy alcohol use had an impact on attention-executive functions, processing speed, learning, and delayed recall (memory retrieval). Age and heavy alcohol use exerted independent influences on cognitive performance, although statistically significant interactions of alcohol use and age were not found. We found that HIV+ older adults who were currently heavy drinkers had overall cognitive functioning deficits compared to those who were not heavy drinkers. We have also demonstrated through our Only variables retained in the backward regression models are shown. Quantity of drinks = number of drinks in 1 sitting during period of heaviest drinking; Duration of drinking = duration of heaviest drinking pattern (days); HCV = hepatitis C virus, lifetime; CD4 = current level (mg/l).
previous work that there exists an age-associated decline in verbal list-learning performance in HIV+ adults occurring in the fifth decade, with similar decline not evident in adults without HIV (Seider et al., 2014 . The present study extends these findings in that not only was older age associated with weaker cognitive performance, but age effects were evident even with the use of age-adjusted test scores. This finding indicates that older HIV+ adults exhibit greater than expected age-associated reductions in cognitive function in a sample with a mean age of 47 years.
The fact that there was not a significant association between the restricted VACS index (Tate et al., 2013 ) and the cognitive measures was somewhat unexpected given previous findings using this index (Marquine et al., 2016) . Although the restricted VACS has been validated and is highly correlated with the standard VACS index (cstatistic = 0.722), several liver function (AST, ALT, FIB4), bone marrow function (hemoglobin), and renal function (eGFR) were not available for analysis in the current study. It is possible that these laboratory measures would have strengthened the relationship between the VACS index and the cognitive performance variables given that they have direct relevance to AUD and also HCV. Further, it is possible that heavy alcohol use, whether current or lifetime, causes other systemic abnormalities. Possible abnormalities include alterations in liver and gut function, such that the observed alcohol effects are meta-phenomena rather than a direct effect of alcohol. That we were unable to derive the full VACS index makes it difficult to know the contribution of liver and renal dysfunction severity to cognitive performance. Thus, the effects of AUD among those not currently drinking could potentially represent end-stage health complications (i.e., sick quitters), and this possibility may have been resolved with consideration of the full VACS index.
A limitation of this study is that it was not possible to examine the influence of all possible comorbidities on cognition given the statistical power that could be achieved with our sample. A common comorbidity in this population is other substance uses, such as opioid and cocaine use. We excluded individuals with any other substance use disorder, so as not to confound the effects, which may contribute to a selection bias among individuals chosen for the analyses. An early study suggested an interaction of marijuana use and HIV infection resulting in greater memory impairment (Cristiani et al., 2004) . However, marijuana use was not examined in this study given that more recent epidemiological analysis of the MACS cohort (N = 5,914) demonstrated no significant association between cumulative exposure to marijuana and cognitive function (Okafor, 2016) .
While the large majority of individuals reported having an undetectable viral load, it is possible that the level of central nervous system penetration of antiretroviral medication influenced cognitive outcome. Along these lines, analysis indicated there was not a sufficient frequency of participants taking other prescription medications to include this variable as a covariate in planned analyses. Bivariate correlation indicated the use of additional prescription medications was not a significant predictor of cognitive performance. Another factor that may have influenced the results is the possibility that individuals with the greatest disease burden may have a tendency to reduce their drinking in response to medication and disease effect (the so-called, sick-quitter phenomenon). Those who were heavier alcohol users may have been more likely to have poor adherence to cART. Yet, cART was not among the factors associated with cognitive performance, and the vast majority of participants (97%) were being actively treated with cART. Nonetheless, it is possible that reduced adherence to cART due to heavy drinking occurred in the earlier stages of disease which may have an influence on cognitive performance later in life. The influence of sick quitters, treatment adherence early on in the disease, and prescription medications should be considered in future studies with larger samples.
While the results provide evidence of acquired cognitive deficits, determining how rates of decline change in the context of AUD and HIV requires research utilizing longitudinal assessment and inclusion of a control population of similar demographic and experiential background.
CONCLUSIONS
Current heavy alcohol use and a history of heavy drinking are associated with cognitive deficits in the context of HIV, and individuals exhibiting both a history of and current heavy alcohol use were most affected. Effects were evident even after accounting for various HIV-related clinical factors and past opiate and cocaine use. The fact that lifetime heavy alcohol use was a stronger correlate of cognitive function than was current heavy alcohol use unfortunately suggests some detrimental impact of heavy drinking earlier in life may persist. Yet, the results also suggest that individuals with both current and lifetime heavy drinking had the poorest cognitive performance. Therefore, reducing ongoing alcohol consumption is likely to be beneficial. Our findings also provide evidence that HIV+ adults exhibit cognitive deficits in excess of what is expected relative to age-appropriate normative comparisons, emphasizing the need for future studies to further delineate the effects of HIV and alcohol in the aging brain.
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